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INTRODUCTION
Cobalt diimine complexes have been employed as templates and nodes in a range of supramolecular assemblies, including catenanes (1) (2) (3) (4) (5) (6) (7) (8) , rotaxanes (7, (9) (10) (11) (12) (13) , and more extended multi-nuclear species (14) (15) (16) (17) (18) (19) (20) . Such cobalt complexes make ideal building blocks in supramolecular chemistry on account of their ability to direct the formation of welldefined structures (21) and because of the reversible Co(II)/Co(III) redox chemistry that often manifests in these complexes. Co(II) complexes are generally held to be significantly more substitutionally-labile than Co(III) complexes, with both tending to adopt octahedral coordination environments with N-donor ligands (22, 23) . Hence a particularly promising route to supramolecular assembly is the formation of a Co(II) complex with a desired ligand set and geometry by dynamic ligand exchange under thermodynamic control, followed by the "freezing" of this environment by oxidation to the much less labile Co (III) form (24) (25) (26) (27) (28) (29) (30) .
In the course of our own studies into the various electronic and spectroscopic properties of cobalt coordination complexes containing diimine ligands (31, 32) , we became intrigued by the effect of bulky substituents close to the diimine N-donor atoms and how this might affect the assembly of the resulting structures and their redox properties. In particular, we were interested to know whether having methyl substituents adjacent to the N-donor would prevent the formation of tris-and/or bis-diimine complexes of Co(II) for steric reasons, and in probing whether the cobalt centres in any of these complexes (if they could form at all) would be amenable to oxidation to Co(III). Oxidation to Co(III) is expected to be highly dependent on the steric requirements of the ligands, as oxidation of Co(II) to Co (III) brings about a marked reduction in the ionic radius of the metal (33) .
Herein, we compare the coordination and redox chemistry of Co(II) in the presence of 1,10-phenanthroline (phen) and 2,9-dimethyl-1,10-phenanthroline (neocuproine couple in acetonitrile (34) . In contrast, when one equivalent of cobalt(II) nitrate was mixed with three equivalents of neocuproine in acetonitrile, a pink solution was formed which did not show any redox waves over the potential range +0.2 to −0.8 V ( Figure 1A , red line).
Comparison was also made with the complex formed by the addition of three equivalents of 5,5′-dimethyl-2,2′-bipyridine (Me2bipy) to one equivalent of cobalt nitrate in acetonitrile. In this complex, the methyl substituents are remote from the N-donor atoms and so do not impose any steric constraints on the formation of the tris-diimine complex. This complex has previously been reported to have a reversible one-electron redox wave ascribed to the [Co(Me2bipy)3] 3+/2+ redox couple (35) , as evident by the wave at around −0.3 V in Figure 1B (black line). However, even over the wider potential window used in Figure 1B , the cobaltneocuproine solution evinces no reversible redox chemistry that can be assigned to a nitrate and three equivalents of neocuproine in a dimethylformamide electrolyte also shows no redox waves over this potential range (see Figure S1 ). To investigate the species present in these solutions in more detail, we conducted 1 H NMR studies both before and after attempted oxidation with the mild oxidant iodine. Figure 2 Figure S5 ). This shows that exactly three equivalents of phenanthroline are bound to the metal centre at any time; when additional equivalents of ligand are present, these appear as free, non-coordinated phenanthroline. However, the situation is very different when neocuproine is used as a ligand. case relative to those with 2 or 3 equivalents of neocuproine. However, it is also possible that the difference in shifts (and also the considerable sharpening of the peak at the lowest field)
when only one equivalent of neocuproine is present may be evidence for a degree of ligand 8 exchange in the cases where there is excess neocuproine. Hence in the upper two spectra, some of the peaks are possibly broadened due to exchange with free neocuproine. We shall return to this point again later on when discussing the possible mechanism of crystal formation from these solutions. at λmax = 505 nm) is typical of an octahedral species and is consistent with spectra previously reported for 1:1 mixtures of Co(II) salts and neocuproine (37, 38) . This result supports the NMR data in suggesting that only the mono-neocuproine complex forms in such solutions, and further suggests that the complex has an octahedral coordination geometry around the Co(II)
centre. Upon standing for a few hours, pink/red crystals form in acetonitrile solutions containing both cobalt nitrate and neocuproine. When the ratio of cobalt to neocuproine is 1:3, the yield of these crystals (ca. 40% based on cobalt) indicates that these crystals correspond to a significant minority product. These crystals then proved suitable for single crystal X-ray diffraction, allowing the structure shown in Figure 6 to be determined. This shows that the crystals Crystallographic details can be found in the Supporting Information. Colour scheme: C = grey, N = dark blue, O = red, Co = pale blue. H atoms have been omitted, displacement ellipsoids are drawn at 50% probability level.
A possible route of formation for these crystals is by ligand exchange in solution (see Figure 3 and associated discussion), which may lead to small amounts of the bis-neocuproine cation forming. Although we do not observe any bis-neocuproine species at sufficient levels to be evident explicitly in the 1 H NMR spectra, mass spectrometry suggests that such species can Conductance measurements were made using a CH Instruments 700 series potentiostat in iR test mode. Two cylindrical graphite rods (0.5 cm diameter, 99.999%, Sigma Aldrich) were placed in the solutions to be tested at a depth of 1.5 cm and a fixed inter-rod distance of 0.7 cm. One rod was connected as the working electrode and the other connected as a combined reference and counter electrode. The resistance of the solution was then gauged by applying a step change (ΔV) of 0.05 V at a potential of 0 V as per the general method developed by He and Faulkner (49) . The iR test function on the potentiostat then extrapolates the signal-averaged currents at 54 and 72 ps after the voltage-step edge backwards to obtain a current at t = 0, where this current can also be expressed as ΔV/R. R in this case is the solution resistance that is sought. The final parameter that the user must select with this function is the acceptable stability limit of the system at the value of R measured ("% overshoot"): in our case a value of 2% was chosen (the default setting on the potentiostat). The resistance of a solution is the inverse of its conductance.
Crystallography: Crystallographic data were collected at the University of Glasgow on a The structure was solved using SHELXS and refined using SHELXL (both within OLEX2) (50) (51) (52) . OLEX2 was also used for molecular graphics and to prepare material for publication.
CCDC 1556230 contains the supplementary crystallographic data for this paper. More details on the crystallographic data and its collection can be found in the Supporting Information.
